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Abstract. Disentangling the effects of single releasers in animal communication is a demanding task because a releas-
er often consists of a combination of different key stimuli. Territorial communication in reptiles usually depends on 
visual, chemical, and acoustic stimuli, but the role of each of them depends on phylogeny. Lacertids are modern liz-
ards that rely mainly on chemical cues for their communication, but they also use aggressive displays based on visual 
recognition. We experimentally tested the visual stimuli that release an aggressive response in the males of a typi-
cal lacertid, the common wall lizard (Podarcis muralis), testing the effects of silicone models and mirrored images in 
captivity. The response to models and control (a blank sheet) was not significantly different and these stimuli did not 
release any aggressive behaviour. On the contrary, the reflected image in a mirror caused overt aggression (i.e., bites 
against it) in 63% of tested individuals. The results clearly demonstrate the role of visual stimuli in territorial commu-
nication, but only as a combined effect of shape and motion, differently from other lizard families for which shape is 
enough to stimulate aggressive responses. Mirrors can be useful tools to investigate aggression related to physiological 
and morphological aspects in lacertid lizards.
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INTRODUCTION
Animal communication systems have evolved so that 
individuals can make decisions based upon the behav-
iour, morphology, and physiology of other individu-
als (Endler, 1993). Communication depends on signal 
transmission between a signaller and a receiver and in 
order for the signal to be successful, it must be detected 
by the receiver against a background of other potential 
stimuli (Fuller and Endler, 2018). Signals act as releas-
ing mechanisms, intended as the totality of all parts of 
the nervous system that are involved in the filtering of 
incoming stimuli and it ensures that only the “appropri-
ate” stimuli release a specific behaviour pattern (Immel-
mann, 1983). The key stimulus or releaser may consist of 
single or complex cues and disentangling their effect to 
fully understand which of them releases certain behav-
iours could be challenging. The majority of releasers con-
sists of a combination of motor patterns acting as a sig-
nal and a morphological structure enhancing the signal’s 
effect (Lorenz, 1981), so a single portion of a key stim-
ulus could be insufficient to release a particular behav-
iour. Notably, when the behaviour pattern is simple and 
the risk of error is low, releasers are extremely simplified, 
such as the pecking at the red spot on the beak triggering 
the regurgitation of food by adult herring gulls (Tinber-
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gen, 1951). By contrast, when costs associated with errors 
are high, the releasers are more complex to ensure that 
behavioural patterns start only when they are necessary. 
This especially applies to aggressive behaviours, whose 
primary function is releasing of aggression against fellow 
members of the species and to avoid unnecessary fighting 
against heterospecific opponents (Immelmann, 1983). 
Aggressive behaviours are most common in territo-
rial species, because individuals are forced to compete 
for limited resources, such as partners, food, shelters 
and reproductive sites, even if territoriality can be also 
assessed without overt aggression (Brown, 1964; Myr-
berg and Thresher, 1974; Van den Berghe, 1974; Stamps, 
1977; Kaufmann, 1983). Among reptiles, many cases of 
territorialism are well documented for chelonians, croco-
diles, tuataras, and, particularly, for lizards (Pough et al., 
2004). Three main kinds of stimuli can be used for ter-
ritorial communication by reptiles: visual, chemical, and 
acoustic. The latter is typical of species living in habitats 
where visual displays are ineffective and it is used only by 
nocturnal geckoes (Marcellini, 1977), terrestrial tortoises 
(Galeotti et al., 2005a; Galeotti et al., 2005b) and croco-
dilians (Vliet, 1989). Chemical cues are effective com-
munication tools, used by most reptiles, but particularly 
developed in modern species, like snakes and most scle-
roglossan lizards, thanks to the evolution of a complex 
vomeronasal system that freed the tongue from its ances-
tral role and allowed the transformation to a chemosen-
sory organ (Mason, 1992; Schwenk, 1993; Cooper, 1994). 
Disentangling the role of intraspecific communication 
channels needs experiments analysing the single cues sep-
arately. For example, numerous studies have been done on 
iguanians (in particular on agamids and iguanids), a rep-
tile clade that bases most of its territorial communication 
on visual stimuli, like posture, dewlap extension, colour 
patches and colour changes (Yang et al., 2001; Yang and 
Wilczynski, 2002; Van Dyk and Evans, 2008; Norfolk et 
al., 2010; Osborne et al., 2012; Dunham and Wilczynski, 
2014; Yewers et al., 2016). On the contrary, information is 
still lacking on the role of visual cues in lacertids, a fam-
ily of scleroglossan lizards that relies mostly on chemical 
communication by means of femoral pores to assess ter-
ritoriality (Cooper, 1994; Martin and López, 2015; Mangi-
acotti et al., 2017; Baeckens et al., 2018). 
Visual stimuli can be tested using four kinds of 
methods: silicone models that mimic shape and colours 
of the species, the reflected image in a mirror of the 
subjects involved in the experiments, video playbacks 
showed to lizards, and direct staged encounters with 
another male. The latter method has been often used, but 
many factors can affect results, such as opponent size, 
residence status, and individual motivation (Sacchi et al., 
2009). Video playbacks have been successfully used for 
some species (Macedonia and Stamps, 1994; Yang et al., 
2001; Ord et al., 2002; Van Dyk and Evans, 2008; Frohn-
wieser et al., 2017), but they require a long preparation 
time to acquire video sequences or to prepare animated 
images after 3D scanning. Hence, it requires a substantial 
a priori knowledge of the species’ stereotyped behaviours 
to present a complete sample set to the subjects. Silicone 
models have been used, for example, with Stellagama stel-
lio and Pseudotrapelus sinaitus (Norfolk et al., 2010), Plat-
ysaurus minor and P. monotropis (Korner et al., 2000) and 
they proved to be adequate cues for territorial behaviours 
both for agamids and cordylids. 
Mirrors are the most used visual stimuli in experi-
mental designs because they are easy, cheap, and typi-
cally stimulate aggressive behaviours against the reflected 
image (Balzarini et al., 2014). Furthermore, the signal is 
enhanced by positive feedback, because an aggressive 
posture or behaviour is immediately replicated by the 
mirrored lizard. Numerous species have been successfully 
tested using this methodology, particularly from families 
Agamidae, Phrynosomatidae, and Dactyloidae (Korzan 
et al., 2000; Brandt, 2003; Farrell and Wilczynski, 2006; 
Osborne et al., 2012; Dunham and Wilczynski, 2014).
Podarcis muralis, our model species, is a typical rep-
resentative of this family. It is a small (snout to vent, SVL 
up to 7.5 cm) and sexually dimorphic lizard, with males 
stouter and with bigger heads than females; males show a 
marked territorial behaviour (Edsman, 1990; Sacchi et al., 
2009), as supported also by data about testosterone lev-
els and homing behaviour in previous works (Scali et al., 
2013; Sacchi et al., 2017). As a consequence, intraspecific 
communication in this species has been intensively stud-
ied as far as chemical cues are concerned (Martin et al., 
2008; Heathcote et al., 2014; Pellitteri-Rosa et al., 2014; 
Baeckens et al., 2017; Mangiacotti et al., 2017, 2019), 
but no information is available about visual stimuli and 
communication during intraspecific encounters (but see 
Zagar et al., 2015). Since aggressive displays and postures 
of Podarcis muralis have never been detailed before (but 
see Sacchi et al., 2009 and Abalos et al., 2016 for some 
information), we discarded playback videos and chose a 
dual experimental approach based on silicone models 
and mirrors as visual stimuli to boost and record aggres-
sive behaviours. The specific aim of our work was to 
assess if visual stimuli can trigger an aggressive response 
in a typical lacertid lizard that bases most of its intraspe-
cific communication on chemical cues. We did this by 
comparing the aggressive response to: i) a static and over-
simplified visual cue (i.e., a silicone model); ii) a more 
complex and realistic visual stimulus combining move-
ment, behaviour, and posture (i.e., a mirrored image).
37Visual stimuli and aggression in lizards
MATERIALS AND METHODS
Ninety P. muralis adult males (SVL > 50 mm) were cap-
tured by noosing in various localities in Lombardy (northern 
Italy) between April and June 2016, to maximize territorial 
response in accordance with reproductive season (Corti and Lo 
Cascio, 2002; Sacchi et al., 2017). The capture sites were located 
within 50 km each other and had similar ecological conditions, 
being all peripheral urban habitats, with comparable habitats, 
presence of predators and densities. Lizards were carried to the 
Natural History Museum of Milan and housed in individual 
plexiglas boxes (40 × 40 × 30 cm) with a refuge positioned near 
one box’s wall, water ad libitum and fed with three mealworms 
(Tenebrio molitor) per/day. A sheet of absorbent paper was used 
as substrate, to keep the resident odour in each terrarium and 
thus lizards could consider it as their own territory. The vertical 
sides of the boxes were also covered externally with white paper 
sheets, to avoid external stimuli and wall reflectance. The room 
was exposed to a natural day/night cycle.
After an acclimation period lasting between three and 
seven days, lizards were tested in the same terrarium where 
they were kept, after removing water and food. A heating lamp 
(ZooMed Repti Basking spot lamp, 150 W) was turned on for 
15 minutes to achieve a plateau body temperature similar for 
all the individuals (Sannolo et al., 2014), then it was turned 
off and a cold led lamp (Greenergy, 8 W, 600 lm) was lighted 
to ensure uniform lighting in the terrarium. A surveillance 
camera (SONY Super Night Vision Camera, M020-s53-001, 
located near the heating lamp) was turned on and lizard behav-
iour was recorded for 15 minutes immediately after inserting a 
visual stimulus in the box. Individuals were randomly assigned 
to the following three different stimuli (n = 30 for each treat-
ment without replicates): i) a white paper sheet covering one 
side of the box, and used as control to simulate the insertion of 
an object by researcher’s hand; ii) a silicone model simulating a 
new lizard invading the resident’s territory; iii) a mirror cover-
ing one side of the box, reflecting lizard image and movements. 
All the stimuli were positioned inside the terrarium near the 
wall of the box opposite to the refuge. 
The lizard model was a silicon-rubber cast prepared by the 
museum taxidermist using a dead male P. muralis specimen 
that was painted brown on the back and white on the belly and 
throat using water-based tempera colours (Fig. A1 in Supple-
mentary materials). The model was painted one month before 
starting the experiment to perfectly dry the paint. A push-
up stance was obtained inserting an iron wire in the model to 
simulate a territorial posture with the anterior part of the body 
raised and showing throat colouration (Molina Borja, 1981). 
Since difference in individual size has been proved to affect 
the outcome of male-male combats in P. muralis (Sacchi et al., 
2009) and the lizards tested against the model did not always 
had the same size as the model (SVL = 67 mm, see Table A1 
in Supplementary materials for lizard mean size), we performed 
a preliminary test to investigate the potential inhibitory effect 
of such a difference. Latency (i.e., the time between the inser-
tion of the model in the terrarium and the first movement of 
the focal lizard) was used as a proxy for the potential inhibitory 
effect (the longer the latency, the larger the effect) and it was 
regressed against the signed difference between lizard and mod-
el size (SVLlizard – SVLmodel). The regression was not significant 
(one-way ANOVA: F1,28 = 1.27; P = 0.27), so we assumed that 
model size did not affect lizard aggressive response.
The videos were analysed in the platform BORIS (Behav-
ioral Observation Research Interactive Software, Friard and 
Gamba, 2016, freely available at www.boris.unito.it). All the 
behaviours addressed to the stimulus were scored as follows: 1) 
no interest (i.e., walking across the terrarium without any inter-
actions with the stimulus); 2) interest without aggression (i.e., 
observing or tongue-flicking towards the stimulus); 3) interest 
with overt aggression (i.e., biting against the stimulus). 
Scores for the three treatments were compared using a 
Kruskal-Wallis test and Mann-Whitney tests were used as post-
hoc tests. Analyses were performed under the R rel. 3.4.2 sta-
tistical environment (R Development Core Team, 2017) and, 
otherwise stated, reported values represent means and standard 
errors. 
RESULTS
The higher aggression score (i.e., 3) was observed 
only for the mirror treatment, where 63.3% (19 out of 30) 
of males bit the stimulus. The highest score achieved by 
males in the other two treatments was 2, with 66.7% and 
56.7% in control and silicone model treatments respec-
tively. These differences were highly statistically signifi-
cant (Kruskal-Wallis: χ² = 26.021, d.f. = 2; P < 0.001). 
Mann-Whitney post-hoc tests showed that aggression 
scores did not differ between control and silicone models 
(P = 0.44); on the opposite, both comparisons involving 
Fig. 1. Proportions of aggressive responses against the stimuli (con-
trol, plaster model, and mirror respectively) by common wall liz-
ards (see methods for scoring details). 
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mirror were significant (P < 0.001 in both cases), being 
the score of the mirror treatment always higher than the 
other two (Fig. 1). 
DISCUSSION
Our experiment demonstrated that visual stimuli are 
important releasers in triggering aggressive behaviours in 
the common wall lizard. It is often difficult to disentangle 
the effect of single key stimuli in a complex stimulus, but 
the approach used in this study allowed us to separate the 
effect of a simple cue, the shape of a lizard, by the com-
posite effect of shape and motion. The result is not as triv-
ial as it might seem, because some lizard species actively 
respond to simplified and motionless models by activating 
some territorial behaviours, demonstrating that they do 
not necessarily need more complex visual stimuli. This is 
true for some Agamidae, such as the tawny dragon lizard, 
Ctenophorus decresii, whose territorial behaviour has been 
intensively studied. Indeed, males of this polymorphic 
species engage in complex displays to defend territories 
and they use the same behavioural patterns also against 
models, responding differently even to throat colours 
(Yewers et al., 2016). Also cordylids, such as Platysaurus 
minor and P. monotropis, show overt aggression behav-
iours against models, demonstrating poor species recogni-
tion when models of different congenerics were proposed 
(Korner et al., 2000). All the above examples support the 
hypothesis that oversimplified visual stimuli can provoke 
an aggressive response in these taxa. 
The common wall lizards were not interested in the 
presence of models within the enclosures and their only 
possible reaction was moving sometimes around and on 
the fake lizards and tongue-flicking at a certain distance. 
These behaviours were adopted even when the control 
stimulus (i.e., the white paper sheet) was inserted in 
the enclosure, so no conclusion can be inferred because 
they could be due to simple exploration activity. By con-
trast, the mirrored image always caused an alert pos-
ture, such as “freezing” in front of the mirror, repeated 
tongue-flicking or push-up displays, often culminating 
in overt aggression against the image with multiple bites 
or jumps. Numerous authors proved that mirrors are 
efficient stimuli able to release aggressive behaviours for 
many species belonging to different families (Agamidae, 
Phrynosomatidae, and Dactyloidae) (Korzan et al., 2000; 
Brandt, 2003; Farrell and Wilczynski, 2006; Norfolk et 
al., 2010; Osborne et al., 2012; Dunham and Wilczynski, 
2014). Interestingly, in all these cases the species belong 
to visually-oriented lizard clades, making such a result 
expectable. On the opposite, to our knowledge this is 
the first time that the same kind of visual stimulus (i.e., 
a mirrored image) releases aggressive behaviour in a lac-
ertid lizard, which is thought to be more chemical- than 
visual-oriented (but see Garcia-Roa et al., 2017; Baeckens 
et al., 2018). One main objection to the reliability of our 
results could be the different smell between the proposed 
stimuli and a real lizard, but we chose to exclude chemi-
cal stimuli in our experiment to disentangle the effect of 
shape, movement, and chemical hints. Our results con-
firm the observations by other authors that aggression 
releasers often are not single visual stimuli, such as a still 
image, but the combination of different stimuli, such as 
shape and motion (Macedonia and Stamps, 1994; Yang 
et al., 2001; Ord et al., 2002; Yang and Wilczynski, 2002; 
Van Dyk and Evans, 2008; Frohnwieser et al., 2017).
Previous research on the role of motion patterns in 
the visual displays of anoles demonstrated that motion is 
fundamental to attract the attention of lizards, particu-
larly when a specific motion pattern is exhibited (Fleish-
man, 1992). The response to motion patterns is used 
by many territorial species to signal their presence to 
intraspecific opponents. These lizards use dewlap exten-
sion to communicate with rivals and partners and this 
display is often accompanied by a stereotypical head-
bobbing movement. A detailed study on signal efficacy 
showed that motion patterns that combined high accel-
eration with high velocity were particularly effective. 
Nonetheless, at a short distance, even a small-amplitude 
motion in the visual periphery can be perceived by a liz-
ard, causing a shift of gaze so that the image falls on a 
high-resolution portion of the retina (Fleishman, 1992). 
Of course, lacertids and anoles do not share the same 
evolutionary history (Pyron et al., 2013), so a detailed 
study on visual acuity and efficacy of the formers would 
be hoped. Simple stimulus, such as shape, could be 
enough to trigger a territorial response in basal liz-
ard clades, but not in modern lizards that use chemical 
stimuli as the main releaser in intraspecific communica-
tion. Previous studies on animal communication demon-
strated that the sensory system of the receiver determines 
which signals can be detected and that, in majority of 
cases, sensory systems serve multiple purposes and must 
be capable of detecting many types of different stimuli, 
such as mates, food, habitat, and opponents (Fuller and 
Endler, 2018). Responding to all the stimuli could be 
extremely costly, so there is selection on sensory systems 
to efficiently capture relevant stimuli in the environment 
(Fleishman, 1992; Fuller and Endler, 2018). This could 
explain why motionless or slow-moving shapes do not 
elicit aggressive responses in the common wall lizard, 
whereas mirrored images do. 
Further studies will be necessary to fully understand 
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the aggressive behaviour of the common wall lizard and 
the underlying releasing mechanisms, as well as to sup-
port the relationship between phylogeny, territoriality, 
and the complexity of visual stimuli. Nevertheless, we 
demonstrated that mirrored images are able to activate 
the aggressive response also in a lacertid lizard, which 
sets the stage for a wider and comparative study using 
other species and stimuli. 
ACKNOWLEDGEMENTS
We are grateful to Chiara Di Perna and Simone Fac-
chinetti for their assistance during the experiments. 
Ermano Bianchi made the silicon casts of the lizard. This 
research was carried out in conformity with current Ital-
ian laws (DPN/II DIV/10423/PNM 26/05/2015 and DPN/
II DIV/9720 12/05/2015).
SUPPLEMENTARY MATERIAL
Supplementary material associated with this article 
can be found at < http://www.unipv.it/webshi/appendix > 
Manuscript number 24651.
REFERENCES
Abalos, J., Pérez i de Lanuza, G., Carazo, P., Font, E. 
(2016): The role of male coloration in the outcome of 
staged contests in the European common wall lizard 
(Podarcis muralis). Behaviour 153: 607-631.
Baeckens, S., Huyghe, K., Palme, R., Van Damme, R. 
(2017): Chemical communication in the lacertid liz-
ard Podarcis muralis: the functional significance of 
testosterone. Acta Zool. 98: 94-103.
Baeckens, S., Martin, J., Garcia-Roa, R., Pafilis, P., 
Huyghe, K., Van Damme, R. (2018): Environmental 
conditions shape the chemical signal design of lizards. 
Func. Ecol. 32: 566-580.
Balzarini, V., Taborsky, M., Wanner, S., Koch, F., From-
men, J.G. (2014): Mirror, mirror on the wall: the pre-
dictive value of mirror tests for measuring aggression 
in fish. Behav. Ecol. Sociobiol. 68: 871-878.
Brandt, Y. (2003): Lizard threat display handicaps endur-
ance. P. R. Soc. B 270: 1061-1068.
Brown, J.L. (1964): The Evolution of Diversity in Avian 
Territorial Systems. Wilson Bull. 76: 160-169.
Cooper, W.E. (1994): Chemical discrimination by tongue-
flicking in lizards: a review with hypotheses on its ori-
gin and its ecological and phylogenetic relationships. 
Journal of Chemical Ecology 20: 439-487.
Corti, C., Lo Cascio, P. (2002): The lizards of Italy and 
adjacent areas. Edition Chimaira, Frankfurt am Main.
Dunham, L.A., Wilczynski, W. (2014): Arginine vaso-
tocin, steroid hormones and social behavior in the 
green anole lizard (Anolis carolinensis). J. Exp. Biol. 
217: 3670-3676.
Edsman, L. (1990): Territoriality and competition in wall 
lizards. Upublished doctoral dissertation. University 
of Stockholm, Sweden.
Endler, J.A. (1993): Some general comments on the evo-
lution and design of animal communication systems. 
Phil. Trans. R. Soc. London B 340: 215-225.
Farrell, W.J., Wilczynski, W. (2006): Aggressive experi-
ence alters place preference in green anole lizards, 
Anolis carolinensis. Anim. Behav. 71: 1155-1164.
Fleishman, L.J. (1992): The influence of the sensory sys-
tem and the environment on motion patterns in the 
visual displays of anoline lizards and other verte-
brates. Am. Nat. 139: S36-S61.
Friard, O., Gamba, M. (2016): BORIS: a free, versatile 
open-source event-logging software for video/audio 
coding and live observations. Methods Ecol. Evol. 7: 
1325-1330.
Frohnwieser, A., Pike, T.W., Murray, J.C., Wilkinson, A. 
(2017): Lateralized eye use towards video stimuli in 
bearded dragons (Pogona vitticeps). Anim. Behav. 
Cogn. 4: 340-348.
Fuller, R.C., Endler, J.A. (2018): A perspective on sensory 
drive. Curr. Zool. 64: 465-470.
Galeotti, P., Sacchi, R., Fasola, M., Ballasina, D. (2005a): Do 
mounting vocalisations in tortoises have a communica-
tion function? A comparative analysis. Herp. J. 15: 61-71.
Galeotti, P., Sacchi, R., Fasola, M., Pellitteri-Rosa, D., 
Marchesi, M., Ballasina, D. (2005b): Courtship dis-
plays and mounting calls are honest, condition-
dependent signals that influence mounting success in 
Hermann’s tortoises. Can. J. Zool. 83: 1306-1313.
Garcia-Roa, R., Jara, M., Baeckens, S., López, P., Van 
Damme, R., Martin, J., Pincheira-Donoso, D. (2017): 
Macroevolutionary diversification of glands for chemical 
communication in squamate reptiles. Sc. Rep. 7: 9288.
Heathcote, R.J.P., Bell, E., D’Ettorre, P., While, G.M., Ull-
er, T. (2014): The scent of sun worship: basking expe-
rience alters scent mark composition in male lizards. 
Behav. Ecol. Sociobiol. 68: 861-870.
Immelmann, K. (1983): Introduction to ethology. Plenum 
Press, New York.
Kaufmann, J.H. (1983): On the definitions and functions 
of dominance and territoriality. Biol. Rev. 58: 1-20.
Korner, P., Whiting, M.J., Ferguson, W.H. (2000): Inter-
specific aggression in flat lizards suggests poor species 
recognition. Afr. J. Herpetol. 49: 139-146.
40 Stefano Scali et alii
Korzan, W.J., Summers, T.R., Ronan, P.J., Summers, C.H. 
(2000): Visible sympathetic activity as a social signal 
in Anolis carolinensis: changes in aggression and plas-
ma catecholamines. Horm. Behav. 38: 193-199.
Lorenz, K.Z. (1981): The foundations of ethology. Spring-
er Science + Business Media, LCC, New York.
Macedonia, J.M., Stamps, J.A. (1994): Species recognition 
in Anolis grahami (Sauria, Iguanidae): evidence from 
responses to video playbacks of conspecific and het-
erospecific displays. Ethology 98: 246-264.
Mangiacotti, M., Fumagalli, M., Scali, S., Zuffi, M.A.L., 
Cagnone, M., Salvini, R., Sacchi, R. (2017): Inter- and 
intra-population variability of the protein content of 
femoral gland secretions from a lacertid lizard. Curr. 
Zool. 63: 657-665.
Mangiacotti, M., Gaggiani, S., Coladonato, A.J., Scali, S., 
Zuffi, M.A.L., Sacchi, R. (2019): First experimental 
evidence that proteins from femoral glands convey 
identity-related information in a lizard. Acta Ethol. 22: 
57-65.
Marcellini, D. (1977): Acoustic and visual display behav-
ior of Gekkonid lizards. Am. Zool. 17: 251-260.
Martin, J., Amo, L., López, P. (2008): Parasites and health 
affect multiple sexual signals in male common wall 
lizards Podarcis muralis. Naturwissenschaften 95: 293-
300.
Martin, J., López, P. (2015): Condition-dependent che-
mosignals in reproductive behavior of lizards. Horm. 
Behav. 68: 14-24.
Mason, R.T. (1992): Reptilian pheromones. In: Biology of 
the Reptilia, vol. 18. Physiology E, Hormones, Brain, 
and Behavior, pp. 114-228. Gans, C., Crews, D., Eds, 
University of Chicago Press, Chicago, USA.
Molina Borja, M. (1981): Etograma del lagarto de Tener-
ife, Gallotia galloti galloti (Sauria-Lacertidae). Doña-
na, Acta Vert. 8: 43-78.
Myrberg, A.A., Thresher, R.E. (1974): Interspecific 
aggression and its relevance to the concept of territo-
riality in Reef fishes. Am. Zool. 14: 81-96.
Norfolk, O., Melotte, A., Gilbert, F., Zalat, S., Reader, T. 
(2010): A comparative study of two agamid lizards, 
Laudakia stellio and Pseudotrapelus sinaitus, in south-
ern Sinai. Egypt. J. Biol. 12: 27-43.
Ord, T.J., Peters, R.A., Evans, C.S., Taylor, A.J. (2002): 
Digital video playback and visual communication in 
lizards. Anim. Behav. 63: 879-890.
Osborne, L., Umbers, K.D.L., Backwell, P.R.Y., Keogh, 
J.S. (2012): Male tawny dragons use throat patterns to 
recognize rivals. Naturwissenschaften 99: 869-872.
Pellitteri-Rosa, D., Martin, J., López, P., Bellati, A., Sacchi, 
R., Fasola, M., Galeotti, P. (2014): Chemical polymor-
phism in male femoral gland secretions matches poly-
morphic coloration in common wall lizards (Podarcis 
muralis). Chemoecology 24: 67-78.
Pough, F.H., Andrews, R.M., Cadle, J.E., Crump, M.L., 
Savitzky, A.H., Wells, K.D. (2004): Herpetology. Third 
Edition.
Pyron, R.A., Burbrink, F.T., Wiens, J.J. (2013): A phylog-
eny and revised classification of Squamata, including 
4161 species of lizards and snakes. BMC Evol. Biol. 
13: 1-53.
R Development Core Team. (2017): R: a language and 
environment for statistical computing. R Foundation 
for Statistical Computing. Vienna, Austria.
Sacchi, R., Pupin, F., Gentilli, A., Rubolini, D., Scali, 
S., Fasola, M., Galeotti, P. (2009): Male-male com-
bats in a polymorphic lizard: residency and size, but 
not color, affect fighting rules and contest outcome. 
Aggressive Behav. 35: 274-283.
Sacchi, R., Scali, S., Mangiacotti, M., Sannolo, M., Zuffi, 
M.A.L., Pupin, F., Gentilli, A., Bonnet, X. (2017): Sea-
sonal variations of plasma testosterone among colour-
morph common wall lizards (Podarcis muralis). Gen. 
Comp. Endocr. 240: 114-120.
Sannolo, M., Mangiacotti, M., Sacchi, R., Scali, S. (2014): 
Keeping a cool mind: head–body temperature differ-
ences in the common wall lizard. J. Zool. 293: 71-79.
Scali, S., Sacchi, R., Azzusi, M., Daverio, S., Oppedisano, 
T., Mangiacotti, M. (2013): Homeward bound: factors 
affecting homing ability in a polymorphic lizard. J. 
Zool. 289: 196-203.
Schwenk, K. (1993): The evolution of chemoreception in 
Squamate Reptiles: a phylogenetic approach. Brain 
Behav. Evol. 41: 124-137.
Stamps, J.A. (1977): The Relationship between Resource 
Competition, Risk, and Aggression in a Tropical Ter-
ritorial Lizard. Ecology 58: 349-358.
Tinbergen, N. (1951): The Study of Instinct. Oxford Uni-
versity Press Oxford.
Van den Berghe, P.L. (1974): Bringing Beasts Back In: 
Toward a Biosocial Theory of Aggression. Am. Sociol. 
Rev. 39: 777-788.
Van Dyk, D.A., Evans, C.S. (2008): Opponent assessment 
in lizards: examining the effect of aggressive and sub-
missive signals. Behav. Ecol. 19: 895-901.
Vliet, K.A. (1989): Social displays of the American alli-
gator (Alligator mississippiensis). Am. Zool. 29: 1019-
1031.
Yang, E.J., Phelps, S.M., Crews, D., Wilczynski, W. (2001): 
The effects of social experience on aggressive behavior 
in the green anole lizard (Anolis carolinensis). Ethol-
ogy 107: 777-793.
Yang, E.J., Wilczynski, W. (2002): Relationships between 
hormones and aggressive behavior in green anole liz-
41Visual stimuli and aggression in lizards
ards: an analysis using structural equation modeling. 
Horm. Behav. 42: 192-205.
Yewers, M.S., Pryke, S., Stuart-Fox, D. (2016): Behaviour-
al differences across contexts may indicate morph-
specific strategies in the lizard Ctenophorus decresii. 
Anim. Behav. 111: 329-339.
Zagar, A., Carretero, M.A., Osojnik, N., Sillero, N., 
Vrezec, A. (2015): A place in the sun: interspecific 
interference affects thermoregulation in coexisting liz-
ards. Behav. Ecol. Sociobiol. 69: 1127-1137.
